Abstract. Using the sample of radio selected BL Lacertae objects (RBLs) and X-ray selected BL Lacertae objects (XBLs) presented by Sambruna et al. (1996) , we calculated the luminosities of radio, optical and X-ray of each source and made the statistical analysis among the luminosities at different wave-bands, broad-band spectral indices from radio to X-ray (α rx ) and peak frequencies (ν p ). Our results are as follows: (i) there is a positive correlation between radio luminosity L r and α rx and a negative correlation between L r and ν p . High-energy peak BL Lacs (HBLs) and low-energy peak BL Lacs (LBLs) can be distinguished very well, the dividing lines are probably those of log L r = 43.25 (erg/sec) and α rx >(or ≤)0.75 for L r -α rx plot and those of log L r ≤ 43.25 (erg/sec) and log ν p > 14.7 for the L r -ν p plot; (ii) there is a weak positive correlation between optical luminosity L o and α rx and a negatively weak correlation between L o and ν p ; (iii) there is no correlation between X-ray luminosity L X and α rx or between L X and ν p . From our analysis, we find that synchrotron radiation is the main X-ray radiation mechanism for HBLs while inverse Compton scattering for LBLs.
the upper right region. Considering the proper physical origin of the X-ray emission for different classes of BL Lac objects, we calculated the peak frequency ν p of the synchrotron emission of each source in sample of Sambruna et al. (1996) . It was found that all RBL-like objects, defined by α rx > 0.75, are located in the upper-left region, while all XBL-like objects, defined by α rx ≤ 0.75, are inside the lower-right region. No sources are in the lower left and upper-right regions, suggesting that the classificatory criteria in terms of the peak frequency should be log ν p = 14.7 and the classificatory criteria of the α rx is equal to the classificatory criteria of the log ν p (Dong, Mei, & Liang, 2002) . This provides evidence supporting what Giommi et al. (1995) proposed: RBL-like and XBL-like objects can be distinguished by the difference in the peak frequency of the synchrotron emission. Sambruna et al.(1996) found that the position of the peak frequency log ν p is linked to the luminosity. For more luminous objects, the peak of the synchrotron power locate at lower frequencies. Fossati et al.(1998) studied the spectral energy distributions of three subclass samples of blazars. They also found that despite the differences in continuum shapes for sub-classes of blazars, a unified scheme is possible, blazar continua can be described by luminosity as a fundamental parameter.
In this paper, we will study how the luminosity of each energy band can be used to distinguish RBLs and XBLs. We calculated luminosity of each energy band for RBLs and XBLs presented in Table 1 of Sambruna et al.(1996) in section 2. We present our analysis results in section 3, and give our discussion and conclusions in section 4.
Luminosity of BL Lac objects
We calculated the luminosities for the sample of RBLs and XBLs presented by Sambruna et al.(1996) . We list the names, red-shifts, broad-band spectral indices, the energy fluxes at radio, optical and X-ray bands and peak frequencies of 23 XBLs in Table 1 and 29 RBLs in Table  2 , respectively. Using the logrithmic parabolic form given by Laudau et al (1986) and the data of the energy fluxes at radio, optical and X-ray bands, Dong et al. (2002) calculated the peak frequencies of 23 XBLs in Table 1 which are used here. Sambruna et al.(1996) made a parabolic fit to the radio, millimeter, IR, optical, and X-ray fluxes data to obtain the peak frequency, ν p , of the spectral energy, where, for some XBLs, X-Ray data were not included in the fit. The data of peak frequency ν p , of the synchrotron emission in Table 2 are made use of Sambruna et al.(1996) except for objects 1652+398 and 2005-489 , because the both sources are HBLs (α rx < 0.75). We use the ν p data of two sources calculated by Dong, Mei & Liang (2002) . Therefore, in our sample, there are 27 LBLs which consists of RBLs except for 1652+398 and 2005-489 in Table  2 and 25 HBLs which consists of 23 XBLs and two RBLs (1652+398 and 2005-489) .
We calculated rest-frame luminosities of radio, optical and X-ray energy band using the fluxes of BL Lac objects in Table 1 and Table 2 . For the K-correction, the flux densities were multiplied by (1 + z) α−1 , where α is the power-law spectral index in the appropriate energy band (F ν ∝ ν −α ). For RBLs , we used α r = 0.2, and α opt = 1.05 (Falomo et al. 1994) , while for XBLs we used α r = 0 and α opt = 0.65 (Falomo et al. 1994 ). We used individual spectral indices in X-ray provided by Sambruna et al.(1996) . The redshifts of 0048-097,1147+245 and 1519-273 presented in table 2 of Sambruna et al.(1996) are not available. A mean value of z = 0.56 is accordingly adopted for these sources. The flux densities were converted to luminosities using H 0 = 75 Km S −1 Mpc −1 and q 0 = 0.5, assuming isotropic emission. We calculated the radio luminosity L r , optical luminosity L o and X-ray luminosity L x in rest frame.
Results
We now consider the relations among radio luminosity, broad-band spectral index and peak frequency. We plot L r versus α rx in figure 1a , which shows that the radio luminosity increases as broad-band spectrum index increases. A linear regression analysis yields log L r = (6.64 ± 0.49)α rx + (38.24 ± 0.37),
(1) where the correlation coefficient is r = 0.886 and the chance probability is p = 2.26 × 10 −17 , n=52. Obviously, the correlation is very strong. From this figure, four different regions are divided by the lines α rx = 0.75 and log L r = 43.25 (ergs −1 ), all LBLs are located in the upperright region; all HBLs are inside the lower-left region(two RBLs, 1652+398 and 2005-489 are HBLs); no sources are in the lower-right region and the upper-left region. We plot L r versus ν p in figure 1b, which show that the radio luminosity L r decreases as the peak frequency ν p increases. The correlation analysis gives log L r = −(0.67 ± 0.06) log ν p + (53.13 ± 0.92),
(2) where the correlation coefficient is r = −0.841 and the chance probability is p = 4.42 × 10 −14 , n=52. The correlation is also very strong. In the four different regions divided by the lines ν p = 14.7 and log L r = 43.25, all LBLs are located in the upper-left region; all HBLs are inside the lower-right region(two RBLs, 1652+398 and 2005-489 are HBLs); no sources are in the lower-left region and the upper-right region.
In figure 2 , we consider the correlation between the optical luminosity L o and α rx and that between L o and ν p . The results are log L o = (2.45 ± 0.45)α rx + (43.94 ± 0.33) (3) with r = 0.614 and p = 2.70 × 10 −6 , n=52 and log L o = −(0.28 ± 0.05) log ν p + (49.93 ± 0.68) (4) with r = −0.660 and p = 2.52×10 −7 , n=52 respectively. It can be seen that (i)there are a positive correlation between L o and α rx and a negative correlation between L o and ν p , and (ii)HBLs and LBLs can be distinguished by the line of α rx ≈ 0.75 (see Fig. 2a ) or the line of ν p ≈ 14.7 (see Fig. 2b ), but they can not be distinguished by optical luminosity.
Finally, we study the relation of the X-ray luminosity L x with α rx and ν p . The correlation analysis reads log L x = −(1.41 ± 0.43)α rx + (46.08 ± 0.32) (5) for L x versus α rx , where r = −0.42 and p = 0.002. log L X = (0.11 ± 0.05) log ν p + (43.43 ± 0.73) (6) for L x versus ν p , where r = 0.30 and p = 0.03. Obviously, there is no any correlation between L x and α rx as well as between L x and ν p . We plot the results in Fig. 3 . The distributions of HBLs and LBLs in plot of L x versus α rx (  Fig. 3a) and L x versus ν p (Fig. 3b) are confusion although the lines of α x ≈ 0.75 and ν p ≈ 14.7 can be drawn.
The results of the regression analysis are listed in Table  3 . Sambruna et al.(1996) have made the statistical analysis of the relations of bolometric luminosity L B (as estimated from parabolic fits to the multi-wavelength from radio to X-ray bands) with position of the peak frequency log ν p and with the broad-band spectral index α rx for the blazars. They found that (i)there is a correlation between L B and α rx at > 99% confidence, which may indicate that more luminous objects have steeper α rx , and (ii) more luminous sources have smaller peak frequencies, since the average bolometric luminosity increases from XBLs to RBLs to flat spectrum radio quasars (FSRQs), on average, FSRQs are more luminous and have lower peak frequencies while XBLs are less luminous and have higher peak frequencies. In their analysis, the XBLs and RBLs are not distinguished very well in either L B -α rx plot or L B -ν p plot. In this paper, we have studied the relations of radio, optical and X-ray luminosities with broad-band spectral index (α rx ) and peak frequency (ν p ) for 52 BL Lac objects (including 23 XBLs and 29 RBLs). It is different from the analysis of Sambruna et al. (1996) , we analyzed the relation of luminosity at the each energy band with α rx and ν p , respectively.
Discussions and conclusions
From our analysis, we found that radio luminosity L r can be used to distinguish HBLs and LBLs. Our results indicate that there is a very strong positive correlation between L r and α rx and a negative correlation between L r and ν p , more importantly, HBLs and LBLs can be distinguished very well in both L r -α rx plot (see Fig. 1a ) and L r -ν p plot (see Fig. 1b) . We have also analyzed the relations of the optical and X-ray luminosities with α rx and ν p , respectively. We found that the optical luminosity has a good correlation with both α rx and ν p (see Fig. 2a and  2b ), but X-ray luminosity shows no any correlation with α rx or ν p (see Fig. 3a and 3b) . Obviously, either L o or L x cannot be used to distinguish HLBs and LBLs. Therefore, α rx , ν p and L r are equivalent in the classifications of HBLs and LBLs: HBLs fall in the region divided by the lines of α rx ≤ 0.75 (or log ν p > 14.7 Hz) and log L r ≤ 43.25 erg s −1 while LBLs in the region divided by the lines of α rx > 0.75 (or log ν p ≤ 14.7 Hz) and log L r > 43.25 erg s −1 . It has been known that the observed spectral energy distributions of BL Lac objects show a peak between IR and X-rays, and the possible radiation mechanism is synchrotron radiation. In Fig. 1a of L r and α rx plot, HBLs distribute in the region divided by the lines of α rx ≤ 0.75 and log L r ≤ 43.25 erg s −1 . Using the definition of α rx and α rx ≤ 0.75, we have log L x ≥ log L r + 1 erg s −1 for HBLs where ν r = 5 GHz and ν x = 1 keV are used. Since log L r ≤ 43.25 erg s −1 , we have log L x ≥ 44.25 erg s −1 for HBLs while log L x < 44.25 erg s −1 for LBLs. Compared to the result shown in Fig. 3a , the observed X-ray luminosities of HBLs in our sample are above the lower limit of log L x ≥ 44.25 erg s −1 , indicating that X-rays for HBLs are produced by the synchrotron radiation. From Fig. 3a , the observed X-ray luminosities for most LBLs do not satisfy the upper limit of L x < 44.25 erg s −1 . We believe that inverse Compton scattering have more important contributions to X-ray emission from these LBLs.
Finally, we would like to point out that we have made the analysis about the relation of energy fluxes at radio, optical and X-ray bands with α rx and ν p . We find that radio energy flux can be distinguish HBLs and LBLs very well. Tables 1 and 2 of Sambruna et al. (1996) .
# These data are taken from Tables 1 of Dong,Mei& Liang (2002) . Table 2 . Sample of radio selected BL lacertae objects (RBLs). Tables 1 and 2 of Sambruna et al.,(1996) . 
